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Abstract 


The  use  of  Agent  Based  Models  (ABM)  to  simulate  behaviors  in  combat  is  gaining 
increasing  recognition  and  interest  across  the  Operations  Research  community  of  both  the 
Marine  Corps  and  now  the  Army.  This  paper  presents  our  attempt  to  “validate”  EINSTein 
(Enhanced  ISAAC  Neural  Simulation  Tool)  by  comparing  its  outputs  to  those  of  another  well- 
known  combat  simulation  model,  JANUS.  The  experiment  first  establishes  the  combat 
effectiveness  of  EINSTein  entities  executing  a  National  Training  Center  (NTC)-type  scenario. 
The  scenario  is  designed  to  replicate  one  armored  company  of  14  “friendly”  tanks  versus  a 
similar  size  force  of  14  “enemy”  main  battle  tanks.  We  allowed  one  set  of  “friendly”  entities  to 
gain  knowledge,  or  “learn,”  by  using  the  genetic  algorithm  incorporated  in  EINSTein.  Another 
set  of  friendly  entities  was  not  allowed  to  “learn.”  For  both  cases,  we  recorded  both  the  combat 
results  of  the  EINSTein  simulations  and  the  entity  actions.  These  observed  actions  were 
programmed  into  JANUS.  For  each  instance,  we  compared  the  combat  effectiveness  resulting 
from  JANUS  to  those  obtained  from  EINSTein.  The  hypothesis  of  the  experiment  is  that  the 
entities  that  were  allowed  to  “learn”  will  have  noticeably  different  behavior  and  have  a 
significantly  better  loss-exchange  ratio  in  both  EINSTein  and  JANUS.  The  paper  presents  the 
findings  of  our  analysis  and  suggests  further  research  areas  for  using  ABM’s. 
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Chapter  1:  Briefing  Slides  for  MORS  Symposium 

The  following  slides  represent  the  briefing  that  was  given  at  the  MORS  Symposium  in  June  2002 
at  Ft.  Leavenworth,  KS. 


1 


\  Sterns 


O 


(/> 


HI 


(0  +- 
"D  C 
=  CD 

£  E 


C  0) 

7  Q. 


X 

LU 


5  c 
E  o 
m  ss 

O)  »- 

£  O 

if  E 

■7=  cc 
Co  ■ 

TJ 

S  £ 

DC  _l 

O 
<  O 


g  E 

lS  £ 

</)  (0 
c  o 

I  * 

to  ^ 
>»  (0 
0)  ~ 


§ « 

E  => 


West  Point,  NY 


Implications  to  Future  Modeling  and  Si 
Questions 


Purpose  of  Research 


n  » 

■“  0) 

s  § 

1 1 

<5  o 

c  »- 

d)  <o 
O  ■— 

<0  E 

m  » 

m  v 

<  O 

ll 

“  Q. 

3  TJ 
O  C 

T3  W 
C  CO 
3=  3 
O  Z 
I"  < 


CD  M_ 
C  tg 
0  0 

*=  a? 

W  c5 

£  0 
.E  c 

§  1 
£  © 
5  © 

Q  Q 

A  A 


0 

C  0 

£  £ 

+*  0 

^  ° 

o  C 

o 

</>  o 


0  Jg 
0  2 
O  13 

Q_  0 
0 

0  — 
C  CD 


©  -s 


cq  _L  -jjj 

<  «  2 

o  2  o 

■o  E  w 

i§y 


a>  -3 
0)  3 
(0  c 
m  .3 
+-  CO 


A  A 


c  ■£ 

(D  CO 

0)-Q 

<  E 

s  o 
©  o 

«  = 

T3  ® 

<o  2 

?  Q. 


<jj  « 

O  1 

O)  © 

c  © 

■  —  0 

c  E 

«  8 


<c  © 

=  < 


o  « 
-  o 


>  Are  results  believable 


Design  of  Experiment 

(1  of  2) 


Design  of  Experiment 

(2  of  2) 


co  ^ 
(D  3 
r  2 

< 

C  -D 

&  O 

U) 

CO  c 


-ti  c 

Jr  (D  co 

ni  t  ® 
-£  <1>  ^ 
*0  >  M- 

o  o  ° 

E  - 

o  ^  ® 

ill 

W  <0 

c  -a  « 

■53  2>  e 

1-3  0 

CO  -go 

2  g-A 

111  O 


S  = 

■5.2 

O)  w 
<0  _OT 

CD  E 

CM 

<o 


.<2  eo 

c  c 
0)  o 
(0  o 

2  O 
o  ~ 

o  c 
•-  0) 

«  E 

S  ^ 

o  5 

co  ^ 


c 

St,  | 

</>  S  E 

+;  a  o 

§  w° 

0>A  A 

< 


>  Sensor  Ranges 

>  Engagement  Capabilities 


EINSTein  Experiment 


o  0 

h-  £ 

z  £ 
OC 


0 


0 

Q. 

a 

3 

O 

CM 

in 

CM 

* 


Fdy  •  Scale:  1  km  =  5  EINSTein  spaces 

•  22  impassable  squares  created; 
agents  can  not  see  or  shoot  thru 


EINSTein  Experiment 

Create  the  Agents  (1  of  2) 


CO 

3 

D" 

CD 

0 

CO 

CO 

"D 

CD 

CD 

Q. 

CO 

O 

00 

I 


TJ 

£ 

CO 


"D 

CD 

0, 

QJ 

CO 

CD 

> 

3 

0 

£ 

CO 


CO 

3 

o  to 

Z  0 


CD 


0 


-  CO  o 

1 


UJ  T> 
£  CO 


I 


CO 

> 

> 

3 

CO 


CO 

3 

ts 

to 

TJ 

0 

3 

■  Ham 
£ 


0 

O)  T3 
£  0 
0  DC 

cc  § 


o>^ 
0  'Z 

T3  O 

0  ** 

D)  0 

0  -u 

T5  0 

j2  O) 

--  o 
£  T3 
CM  4- 

ts  ^ 

c  _ 

'3  ns 


(5 


i5 

i  o 

|i 

TS  .Q 

0  "I 

to  0 
GQ  |- 
■  CO 
0 
D1 
£ 

0 
DC 


£ 

O 

Emm 

to 

o 


E 

E 

o 


0 

0 


E  2 


0 

3 

CO 


Uj  2* 

0 

■J5  CO 

£ 

0 

o 


o 

n 


to  ^ 

o  -- 
0  ■= 
Q-  "3 

0  §_ 

c  0 

0  <■> 
h-  CO 

i  i 

111  < 

o 

cm  s: 

o  2 

0 

0  E 
o 


0 

Ol 

£ 

0 

DC 

O 

0 


O 

CO 


0  0 
U)  CO 

0  • 


0 

£ 

0 

U) 

0 

"3 

0 

DC 

"D 

£ 

0 


•  Weapons  Range  -  Ml  and  T-80  set  equal  at  10  EINSTein 
spaces;  EINSTein  agents  have  1  weapon;  based  on  max 
range  of  main  gun  sabot 
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Create  the  Aaents  (2  of  2) 
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•  Injured  agents  are  weighted  to  move  towards  alive 
friendly  first,  injured  friendly  second,  and  then  the 
enemy  flag;  Vector  =  (50,  5,  40,  5,  0,  40) 
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